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Introduction
The Pleistocene settlement of the arid zone is a prominent 
research theme in Australian archaeology (Hiscock 2008:45-
62; Hiscock and Wallis 2004; Marwick 2002a, 2002b; O’Connor 
et al. 1998; Smith 1987, 2005; Thorley 1998; Veth 1993, 1995, 
2005). Of particular interest is the inland Pilbara region of 
the western arid zone, which until recently was reported to 
have been first occupied between c.20,000 BP and c.26,000 
BP (Brown 1987:27; Edwards and Murphy 2003:45; Maynard 
1980:7). The recent test excavations at Juukan-1 rockshelter 
suggest the region was occupied before 32,920±270 BP 
(Slack et al. 2009:34). Our research at Djadjiling rockshelter 
supports this result by demonstrating an Aboriginal presence 
at the site c.35,000 years ago. Not only is the site unique for 
its antiquity, but excavations have recovered a large flaked 
stone assemblage from the earliest occupational phase. 
The evidence demonstrates repeated early site use, and a 
sequence of intermittent occupation throughout the late 
Pleistocene and Holocene. The preliminary findings are 
presented below.
Djadjiling Rockshelter
Djadjiling rockshelter is located c.75km northwest of Newman on 
the Hamersley Plateau in the Pilbara region of Western Australia. 
The Pilbara is a biogeographic region within the Australian arid 
zone, which is defined as receiving less than 350mm of annual 
rainfall (Bureau of Meteorology 2005). Djadjiling rockshelter is 
in the traditional lands of the Martidja Banyjima people, who 
named the site to reflect a creation myth associated with the 
surrounding mountain range. The results of this research are 
regarded as enhancing the cultural significance of this locality.
The rockshelter is relatively long and narrow, and at its 
maximum it measures 17m wide and 4.5m deep (Figure S1, 
supplementary information). Our investigation focuses on the 
southern end where large blocks of roof collapse have created 
a natural sediment trap. An area measuring 3m x 1.5m was 
excavated to bedrock, revealing a deposit over 2m deep. Six grid 
units (see Figure S1) were excavated in 5cm arbitrary layers; 
however, features were excavated stratigraphically. All excavated 
sediment was sieved through 6mm and 3mm nested sieves and 
were subject to flotation and sorting in controlled laboratory 
conditions.
Seven stratigraphic layers were identified at Djadjiling, 
forming a sequence of strong brown and reddish-brown 
sediments (Figure 1 and Figure S2, supplementary information). 
The stratigraphic layers were defined by subtle changes in 
sediment colour and matrix composition. The majority of the 
deposit consists of angular rock fragments produced through 
physical weathering or exfoliation of the rockshelter roof and 
walls. The remainder of the deposit is comprised of silt derived 
through chemical weathering of the bedrock and aeolian 
deposition. Sediment colour is influenced by the different 
coloured bands of the Marra Mamba Iron Formation (MacLeod 
Member), which is very shaly and easily eroded (Blockley et al. 
1993:54). The proportion of exfoliated roof fall and silt varies 
throughout the layers, but in general, the proportion of rock 
increases with depth. The rockshelter is not subject to gully 
flooding, but it does receive some colluvial wash during extreme 
rainfall events.
Initial Results
Flaked stone artefacts and hearth features were identified 
throughout the deposit up to a depth of 165cm below the 
datum (cmbd). Fourteen in situ charcoal samples were selected 
from features, arbitrary excavation layers, and key stratigraphic 
changes. The radiocarbon results listed in Table 1 provide a 
temporal framework for the archaeological sequence and reveal 
that the site was first occupied c.35,000 BP. Calendar ages are 
presented in Table 1, calibrated using IntCal09 (Reimer et al. 
2009) and OxCal v4.1 (Bronk Ramsey 2009). IntCal09 is the 
first calibration dataset ratified by the 14C community to extend 
the calibrated timescale back to 50,000 cal BP. This calibration 
dataset was produced in response to the recent proliferation 
in use of calibration datasets not officially recognised by the 
14C community, but caution is recommended in its use (for a 
discussion see Reimer et al. 2009). We have therefore opted to 
discuss all dates in the text in non-calibrated 14C years.
To determine the onset of sediment accumulation in the 
rockshelter, two basal charcoal samples were dated from 
Layer 7. Samples Wk-23314 (28,461±223 BP) and Wk-23315 
(33,584±410 BP) were collected at depths of 170.5cmbd and 
193cmbd. These samples were not associated with cultural 
material, and they were collected more than 10cm and 30cm 
below the earliest cultural layer respectively. These ages do not 
fit conformably in the chronological sequence and are argued to 
be anomalous. The most likely explanation for these anomalous 
dates is that younger charcoal fell into the trench from exposed 
section walls during excavation, and it was not recognised as 
intrusive. The Layer 7 sediment is extremely loose, as it is largely 
composed of exfoliated rock with a very low proportion of 
fine sediment.
The earliest evidence of site occupation occurs between 
165cmbd and 140cmbd, which correlates approximately 
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to stratigraphic Layer 6. Three dates of c.35,000 BP offer 
stratigraphically sound ages for this layer. Charcoal sample 
Wk-23312 (35,396±518 BP) was recovered from a small hearth 
feature, while samples Wk-22787 (35,159±537 BP) and Wk-
23313 (35,753±546 BP) were collected during the excavation of 
arbitrary layers. A total of 664 stone artefacts was recovered from 
this period, accounting for 50.5% of the total site assemblage 
(Table S1, supplementary information). Although refitting was 
not purposefully undertaken during the analysis, at least six 
sets of conjoining artefacts were identified throughout Layer 6. 
There is little vertical difference between the conjoined artefacts, 
suggesting that there is minimal or no disturbance to this deposit.
Following the initial phase of site use, sedimentation rates 
and artefact discard rates decrease significantly from 140cmbd 
to 70cmbd, or approximately Layers 5 through 3. Together, these 
layers represent the period between c.35,000 BP and c.14,000 
BP. Charcoal samples bracketing the middle and upper limit of 
Layer 5 date to c.25,000 BP (Wk-23311 and Wk-22786). Three 
samples near the contact of Layers 3 and 4 date to c.20,000 BP 
(Wk-23308, Wk-23309 and Wk-23310), suggesting Layer 4 was 
deposited between c.25,000 BP and c.20,000 BP. Just above these 
dates, a radiocarbon determination of 17,975±72 BP (Wk-
22785) was obtained for the midpoint of Layer 3. The close 
spatial relationship of samples Wk-22785 and Wk-23308 suggest 
either extremely low sedimentation during this period, or a zone 
of mixing in the deposit. The upper boundary of Layer 3 was not 
directly dated, but it is estimated to be c.14,000 BP based on an 
age-depth curve.
These layers show a sudden drop in artefact numbers. In 
Layer 5 (c.140-115cmbd) and Layer 4 (c.115-90cmbd) 136 and 
153 artefacts were recorded respectively. The proportion of 
artefacts declines further in Layer 3 (c.90-70cmbd), with just 81 
artefacts recovered. Layer 3, which was deposited between 20,000 
BP and 14,000 BP, represents the lowest phase of artefact discard.
Radiocarbon dates from Layers 2 and 1 offer insight into 
the terminal Pleistocene and Holocene archaeological sequence. 
Charcoal collected from the midpoint of Layer 2 yielded an age 
of 12,621±63 BP (Wk-23307). The transition between Layers 
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Layer 1a - Firm reddish brown sediment  (5YR 4/4) - 60% silt, 25% fine rock, 5% coarse rock, and 10% 
large rock. Occasional large charcoal fragments and numerous rootlets. Large roof fall event at base. 
Layer 1b - Firm reddish brown sediment (5YR 4/3) - 60% silt, 30% fine rock, and 10% coarse rock. 
Frequent small charcoal fragments and numerous rootlets.
Layer 2 - Friable reddish brown sediment (5YR 4/4) - 40% silt, 30% fine rock, and 30% coarse rock. 
Rare charcoal fragments.
Layer 3 - Friable strong brown sediment (7.5YR 5/8) - 40% silt, 30% fine rock, and 30% coarse rock. 
Rare charcoal fragments. Occasional red mineral lenses. 
Layer 4 - Friable strong brown sediment (7.5YR 5/6) - 50% silt, 20% fine rock, 25% coarse rock, and 
5% large rock. Occasional large charcoal fragments. 
Layer 5 - Friable strong brown sediment (7.5YR 4/6) - 40% silt, 20% fine rock, 30% coarse rock, and 
10% large rock. Occasional large charcoal fragments.
Layer 6b - Friable reddish brown sediment (5YR 4/3) - 60% silt, 30% fine rock, and 10% coarse rock. 
Portions of this layer have an ashy texture; occasional medium-sized charcoal fragments. 
Layer 6a - Friable reddish brown sediment (5YR 5/4) - 50% silt, 20% fine rock, and 30% coarse rock. 
Rare medium-sized charcoal fragments.
Layer 7 - Very friable reddish brown sediment (5YR 4/4) - 40% silt, 30% fine rock, 25% coarse rock, 
and 5% large rock. Charcoal fragments are very rare. 
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Figure 1 Eastern stratigraphic section of Units 3, 5, and 6, Djadjiling rockshelter. Fine rock (<2 cm), coarse rock (2-10cm), large rock (>10cm).
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2 and 1 dates to 6130±38 BP (Wk 23306), indicating a mid-
Holocene stratigraphic change during which there is an episode 
of roof collapse. The uppermost age of 2766±32 BP (Wk-22784) 
was determined from a distinctive, well-preserved late Holocene 
hearth. A large heat-shattered blade was recovered in situ 
resting on top of this feature, implying that this recent feature is 
relatively undisturbed.
In general, the artefact discard rates observed in the terminal 
Pleistocene (Layer 2) and Holocene (Layer 1) sequence are 
consistent with the pattern demonstrated in Layers 5 and 4. 
Layer 2 contained 152 flaked stone artefacts, and 129 artefacts 
were recovered from Layer 1. No backed artefacts or other 
prominent mid-Holocene stone artefact technologies are present 
in the assemblage.
Discussion
The Djadjiling radiocarbon ages have implications for our 
understanding of the archaeology of the Pilbara and greater 
arid zone. Our excavation results extend the known antiquity 
of Aboriginal occupation in the Pilbara to c.35,000 BP. Until 
recently, research suggested the inland Pilbara was settled 
between c.20,000 BP and c.26,000 BP as reported for the sites of 
Jundaru, previously known as Malea, 20,360±320 BP (Edwards 
and Murphy 2003); Newman Orebody XXIX, 20,740±345 BP 
(Maynard 1980); and Newman rockshelter, 26,300±500 BP 
(Brown 1987). The evidence from Juukan-1 rockshelter also 
suggests early occupation of the Pilbara uplands; however, the 
site requires further investigation, as only one artefact is currently 
reported beneath a charcoal sample dated to 32,920±270 BP 
(Slack et al. 2009:34). The Djadjiling radiocarbon determinations 
correspond well with other inland archaeological sequences, 
such as those reported for Puritjarra and Kulpi Mara rockshelters 
(Smith et al. 1997, 2001; Thorley 1998).
Possibly, the greatest strength of Djadjiling is its comparatively 
large Pleistocene artefact assemblage, which demonstrates 
repeated site use c.35,000 years ago. The assemblage also indicates 
changes in site use over time, particularly during the last glacial 
maximum (LGM). In northwest Western Australia, the arid 
conditions of the LGM occurred between c.33/32,000 cal BP to 
c.20,000 cal BP, followed by a period of climatic instability until 
c.15/14,000 cal BP with the return of summer precipitation (Van 
der Kaars et al. 2006:888; Williams et al. 2009:2410; Wyrwoll 
and Miller 2001:126). Veth (1993:109) has proposed that the 
Hamersley Plateau provided refuge during the cold and arid 
conditions of the LGM, a model supported by evidence from 
Milly’s Cave (Marwick 2002b), as well as Juukan-1 and Juukan-2 
(Slack et al. 2009). At Djadjiling, intermittent site use is evident 
throughout this period (see Table 1), further verifying this model.
In summary, Djadjiling rockshelter provides unequivocal 
evidence for human occupation in the Pilbara from c.35,000 BP, 
and it demonstrates intermittent site use during the LGM. The 
sizeable artefact assemblage offers a rare opportunity to explore 
the technological organisation of late Pleistocene hunter-
gatherers. Future research will examine the lithic, floral, and faunal 
assemblages, as well as the site’s palaeoenvironmental record.
Supplementary Information
Supplementary information for this article is available online at 
www.australianarchaeologicalassociation.com.au.
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Layer depth 
(cmbd)
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(~cmbs)
δ13C‰ F14C% 14C Age 
(years BP)
Calibrated 
Age BP 
(68.2% 
probability)
Calibrated 
Age BP 
(95.4% 
probability)
Wk-22784 Conv. U1-QC 1a 27 14.5 -23.4±0.2 70.0±0.3 2766±32 2921-2909
2885-2841
2828-2794
2946-2784
Wk-23306 AMS U6-QB 1b 43 29 -24.6±0.2 46.6±0.1 6130±38 7156-7112
7068-7056
7028-6947
7160-6928
6921-6912
Wk-23307 AMS U6-QB 2 58 40 -24.4±0.2 20.8±0.1 12,621±63 15,115-14,789
14,743-14,670
15,222-14,482
14,337-14,256
Wk-22785 AMS U1-QA 3 83 70.5 -23.6±0.2 10.7±0.1 17,975±72 21,537-21,336 21,705-21,172
Wk-23308 AMS U4-QB 3 83-85 75 -22.1±0.2 8.4±0.1 19,943±84 23,980-23,625 24,208-23,450
Wk-23309 AMS U4-QD 3 88-96 80 -23.6±0.2 8.3±0.1 19,949±84 23,991-23,632 24,216-23,457
Wk-23310 AMS U6-QA 4 94 77.5 -22.0±0.2 8.5±0.1 19,757±83 23,786-23,471 23,921-23,301
Wk-23311 AMS U5-QB 5 117 104 -21.6±0.2 4.2±0.1 25,519±154 30,562-30,226 30,786-30,161
30,050-29,693
Wk-22786 Conv. U1-QD 5 128.5 112.5 -22.1±0.2 4.7±0.1 24,522±129 29,532-29,257 29,696-28,798
28,679-28,615
Wk-22787 AMS U1-QA 6b 148 137 -22.0±0.2 1.3±0.1 35,159±537 40,975-39,613 41,365-38,955
Wk-23312 AMS U6-QA 6b 157 142.5 -23.3±0.2 1.2±0.1 35,396±518 41,242-40,007 41,576-39,189
Wk-23313 AMS U5-QB 6a 159 145 -22.8±0.2 1.2±0.1 35,753±546 41,497-40,412 41,901-39,548
Wk-23314 AMS U5-QB 7 170.5 158.5 -23.2±0.2 2.9±0.1 28,461±223 33,239-32,466 33,451-31,932
Wk-23315 AMS U4-QA 7 193 180.5 -23.0±0.2 1.5±0.1 33,584±410 38,873-37,704 39,442-37,017
Table 1 Radiocarbon ages for Djadjiling rockshelter.
71Number 70, June 2010
Short Reports
2008 in accordance with DIA Section 16 Permit No. 423. The 
authors thank the Martidja Banyjima people, Australian Cultural 
Heritage Management, Karijini Developments and Rio Tinto for 
their support and assistance with this research. Participants on 
this excavation included D. Cropper, W.B. Law, D. Wright, G. 
Houghton, S. Damhuis, N. Black, C. Hicks, K. Hicks, R. Hicks, 
A. Parker, A. Parker, L. Parker, G. Parker, J. Stevens, L. Lowery 
and B. Tait. 
Author contributions: W.B.L. and D.C. directed this project 
and co-wrote the manuscript. F.P. carried out 14C analyses and 
provided technical advice and editing of the manuscript.
References
Blockley, J., I. Tehnas, A. Mandyczewsky and R. Morris 1993 Proposed stratigraphic 
subdivision of the Marra Mamba Iron Formation and the Lower Wittenoom 
Dolomite. (Geological Survey of Western Australia) Professional Papers 34:47-
63.
Bronk Ramsey, C. 2009 Bayesian analysis of radiocarbon dates. Radiocarbon 
51(1):337-360.
Brown, S. 1987 Towards a Prehistory of the Hamersley Plateau, North West Australia. 
Occasional Papers in Prehistory 6. Canberra: Department of Prehistory, 
Research School of Pacific Studies, Australian National University.
Bureau of Meteorology 2005 Seasonal Rainfall Zones of Australia. Retrieved 5 
March 2009 from http://www.bom.gov.au/climate/environ/other/seas_all.
shtml.
Edwards, K. and A. Murphy 2003 A preliminary report on archaeological 
investigations at Malea Rockshelter, Pilbara Region, Western Australia. 
Australian Archaeology 56:44-46.
Hiscock, P. 2008 Archaeology of Ancient Australia. New York: Routledge.
Hiscock, P. and L.A. Wallis 2004 Pleistocene settlement of deserts from an 
Australian perspective. In P. Veth, M. Smith and P. Hiscock (eds), Desert Peoples: 
Archaeological Perspectives, pp.34-57. Oxford: Blackwell.
Marwick, B. 2002a Inland Pilbara Archaeology: A Study of Variation in Aboriginal 
Occupation over Time and Space on the Hamersley Plateau. Unpublished BA 
(Hons) thesis, Centre for Archaeology, University of Western Australia, Perth.
Marwick, B. 2002b Milly’s Cave: Evidence for human occupation of the inland 
Pilbara during the Last Glacial Maximum. In S. Ulm, C. Westcott, J. Reid, 
A. Ross, I. Lilley, J. Prangnell and L. Kirkwood (eds), Barriers, Borders, 
Boundaries: Proceedings of the 2001 Australian Archaeological Association 
Annual Conference, pp.21-33. Tempus 7. Brisbane: Anthropology Museum, 
University of Queensland.
Maynard, L. 1980 A Pleistocene date from an occupation deposit in the Pilbara 
region, Western Australia. Australian Archaeology 10:3-8.
O’Connor, S., P. Veth and C. Campbell 1998 Serpent’s Glen Rockshelter: Report 
of the first Pleistocene-aged occupation sequence from the Western Desert. 
Australian Archaeology 46:12-22.
Reimer, P., M. Baillie, E. Bard, A. Bayliss, J. Beck, P. Blackwell, C. Bronk-Ramsey, C. 
Buck, G. Burr, R. Edwards, M. Friedrich, P. Grootes, T. Guilderson, I. Hajdas, T. 
Heaton, A. Hogg, K. Hughen, K. Kaiser, B. Kromer, F. McCormac, S. Manning, R. 
Reimer, D. Richards, J. Southon, S. Talamo, C. Turney, J. van der Plicht and C. 
Weyhenmeyer 2009 Intcal09 and Marine09 radiocarbon age calibration curves, 
0–50,000 years cal BP. Radiocarbon 51(4):1111-1150.
Slack, M., M. Fillios and R. Fullagar 2009 Aboriginal settlement during the LGM 
at Brockman, Pilbara region, Western Australia. Archaeology in Oceania 
44(1):32-39.
Smith, M.A. 1987 Pleistocene occupation in arid Central Australia. Nature 328:610-
611.
Smith, M.A. 2005 Moving into the southern deserts: An archaeology of dispersal 
and colonisation. In M.A. Smith and P.P. Hesse (eds), 23° South: Archaeology 
and Environmental History of the Southern Deserts, pp.92-107. Canberra: 
National Museum of Australia Press.
Smith, M.A., M.I. Bird, C.S.M. Turney, L.K. Fifield, G.M. Santos, P.A. Hausladen 
and M.L. Di Tada 2001 New ABOX AMS-14C ages remove dating anomalies at 
Puritjarra Rock Shelter. Australian Archaeology 53:45-46.
Smith, M.A., J.R. Prescott and M.J. Head 1997 Comparison of 14C and luminescence 
chronologies at Puritjarra Rock Shelter, Central Australia. Quaternary Science 
Reviews 16(3-5):299-320.
Thorley, P. 1998 Pleistocene settlement in the Australian arid zone: Occupation 
of an inland riverine landscape in the Central Australian Ranges. Antiquity 
72:34-45.
Van der Kaars, S., P. De Deckker and F.X. Gingele 2006 A 100,000-year record of 
annual and seasonal rainfall and temperature for northwestern Australia 
based on a pollen record obtained offshore. Journal of Quaternary Science 
21(8):879-889.
Veth, P. 1993 Islands of the Interior: The Dynamics of Prehistoric Adaptations within 
the Arid Zone of Australia. Archaeological Series 3. Ann Arbor: International 
Monographs in Prehistory.
Veth, P. 1995 Aridity and settlement in northwest Australia. Antiquity 69:733-746.
Veth, P. 2005 Cycles of aridity and human mobility risk minimization among late 
Pleistocene foragers of the Western Desert, Australia. In P. Veth, M. Smith and P. 
Hiscock (eds), Desert Peoples: Archaeological Perspectives, pp.100-115. Oxford: 
Blackwell.
Williams, M., E. Cook, S. van der Kaars, T. Barrows, J. Shulmeister and P. Kershaw 
2009 Glacial and deglacial climatic patterns in Australia and surrounding 
regions from 35 000 to 10 000 years ago reconstructed from terrestrial and 
near-shore proxy data. Quaternary Science Reviews 28(23-24):2398-2419.
Wyrwoll, K.H. and G.H. Miller 2001 Initiation of the Australian summer monsoon 
14,000 years ago. Quaternary International 83:119-128.
